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Within a multi-phase transport model with string melting scenario, jet transport parameter qˆ is
calculated in Au+Au collisions at
√
sNN= 200 GeV and Pb+Pb collisions at
√
sNN= 2.76 TeV. The
qˆ increases with the increasing of jet energy for both partonic phase and hadronic phase. The energy
and path length dependences of qˆ in full heavy-ion evolution are consistent with the expectations of
jet quenching. The correlation between jet transport parameter qˆ and dijet transverse momentum
asymmetry AJ is mainly investigated, which discloses that a larger qˆ corresponds to a larger AJ .
It supports a consistent jet energy loss picture from the two viewpoints of single jet and dijet. It is
proposed to measure dijet asymmetry distributions with different jet transport parameter ranges as
a new potential method to study jet quenching physics in high energy heavy-ion collisions.
I. INTRODUCTION
The main goal of high energy heavy-ion collisions is to create a deconfined quark-gluon plasma (QGP) under an
extreme temperature and(or) density condition [1–3]. Jet is an important probe to search for the formed QGP and
investigate its properties, because jets are originally generated from parton-parton hard interactions at the very early
stage of heavy-ion collisions, while propagating through the expanding QGP medium. These hard jets lose energy
through medium-induced gluon radiations and collisional energy loss, known as jet quenching [4–9]. The first evidence
of the jet quenching phenomenon have been observed as the disappearance of away-side peak in dihadron correlation
in central Au+Au collisions at the Relativistic Heavy Ion Collider(RHIC) [10]. The RHIC experiment has observed
not only the suppression of single inclusive hadron spectrum at large transverse momentum pT [11, 12], but also
from back-to-back high-pT dihadron [10] and γ-hadron correlation [13, 14]. The jet quenching phenomena are also
widely studied in heavy-ion collisions at the Large Hadron Collider (LHC) [15, 16]. Recently, more and more results
based on reconstructed jet measurements have been released, e.g., the suppression of reconstructed jets [17] and γ-
jet asymmetry [18]. A large dijet transverse momentum asymmetry has been observed by both ATLAS and CMS
experiments at LHC [19, 20]. All kinds of observables are consistent with the picture that jet significantly loses energy
in the QGP. The more detailed studies of the propagation of jets inside the QGP could give us the more subtle aspects
of jet quenching such as the parton mean free paths in the QGP and the properties of the QGP itself.
Many theoritical models that incorporate parton energy loss have been proposed to study the observed jet quenching
phenomena, such as: GLV [21] and its CUJET implementation [22], high twist approach (HT-BW and HT-M) [23–26],
MARTINI model [27], McGill-AMY model [28], BAMPS model [29], and LBT model [30]. Most of the theoretical
models assumed a static potential for jet-medium interactions which result in a factorized dependence of parton energy
loss on the jet transport parameter (qˆ). The jet transport parameter qˆ, i.e, the mean-squared transverse momentum
broadening per unit length, is a widely used parameter that modulates the energy loss of jet in a strong-interacting
QCD medium, which is also related to the distribution density of the medium and therefore characterizes the properties
of the medium [4, 31]. Thus to investigate on jet energy dependence of transport parameter will not only improve
our understanding of experimental results on jet quenching but also can directly provide some information about the
internal structure of the dense QCD matter by relating this parameter to the properties of the matter itself [31, 32].
On the other hand, One of the programmatic goals of heavy-ion collisions is to extract important medium properties
from phenomenological studies of experimental data. Recent studies revel that low energy limit of the transport
parameter of jet quenching is directly related to the shear viscosity (η/s) of the QGP [33–35]. Since both η/s and
qˆ are transport parameters describing the exchange of energy and momentum between fast partons and medium, a
pertinent question is whether there is a quantitative relation between these parameters that can be extracted from
the hydrodynamic model and(or) dynamical transport model [36]. In short, systematic model studies on jet transport
parameter are worth being further carried out.
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2The aim of this work is to give a detailed study of the jet transport parameter within A Multi-Phase Transport
model (AMPT) with string melting scenario. The study is carried out in two different collision systems at two
different collision energies, i.e. Au+Au collisions at
√
sNN= 200 GeV and Pb+Pb collisions at
√
sNN= 2.76 TeV.
Since different collision energies can generate different system conditions such as different temperatures in the overlap
region, the results can provide some information about temperature dependence of jet observables. In order to
understand the influence of environment effect on jet transport properties, this study is started from investigating the
energy dependence of jet transport parameter, and then the path length dependence of the jet transport parameter is
also investigated. Furthermore the relationship between jet transport parameter, qˆ, and dijet transverse momentum
asymmetry ,AJ , is carried out to understand and testify the consistence of jet quenching picture, because dijet
transverse momentum asymmetry is an important evidence of jet quenching pattern from the view of dijet while jet
transport parameter is usually presented in the point of view of single jet. Because we find that the distributions of
dijet transverse momentum asymmetry are different for different jet transport parameter ranges, we propose a new
method to study jet transport parameter qˆ based on the dijet transverse momentum asymmetry AJ distribution.
This paper is organized as follows. We give a general setup of our modeling and calculations in Sec. II. In Sec. III,
we present our numerical results. We expand discussions and summarize in Sec. IV.
II. GENERAL SETUP
A. AMPT model with a jet triggering technique
The AMPT model with a string-melting mechanism as a dynamical transport model [37], which has well described
many experimental results [38–40], is employed in this work. The model consists of four main phase gradients: initial
condition, parton cascade, hadronization, and hadronic rescatterings. The initial condition, which includes the spatial
and momentum distributions of participant matter, including minijet partons and soft string excitations, is obtained
through the HIJING model [41, 42]. The parton cascade starts the partonic evolution with a quark-antiquark plasma
from the melting of strings. Parton cascade is modeled by Zhang’s parton cascade (ZPC) [43], where the value of strong
coupling constant and the Debye screening mass determine parton interaction cross section. Only elastic collisions are
included into the process of parton cascade at present. A quark coalescence model is then used to combine partons
into hadrons [44] when the partonic system freezes out. The evolution dynamics of the hadronic matter is described
by a relativistic transport (ART) model [45].
Since the QCD cross section of dijet production in AMPT model is quite small especially for high transverse
momentum, a jet trigger technique in HIJING model is used for our purpose of studying jet quenching physics. Several
hard dijet production channels are taken into account in the HIJING part of AMPT model including q1+q2 → q1+q2,
q1+ q1 → q2+ q2, q+ q → g+ g, q+ g → q+ g, g+ g → q+ q, and g+ g → g+ g [46]. The high transverse momentum
primary partons pullulate to form jet parton showers through initial and final state QCD radiations. The jet parton
showers are converted into clusters of on-shell quarks and anti-quarks through the string-melting mechanism of AMPT
model. After the melting process, not only a quark and anti-quark plasma is formed , but also jet quark showers are
built up, therefore the initial configuration between jets and medium is ready to interact. All possible elastic partonic
interactions among medium parton, between jet shower partons and medium partons, and among jet shower itself, are
automatically simulated by the ZPC model. After all partonic scatterings, the partons are recombined into medium
hadrons or jet shower hadrons including the recombinations among shower partons and between shower partons
and medium partons. In the hadronic phase, jet hadron shower continues to interact with the hadronic medium,
which is described by ART model. The jet-triggered AMPT model has successfully given qualitative descriptions to
many experimental results on reconstructed jet observables [47], such as γ-jet imbalance [48], dijet asmmetry [49],
decomposition of jet fragmentation function [50, 51] and jet shape [52], by including jet collisional energy loss only
with a large interaction cross section (1.5 mb). However, it is still questionable whether the AMPT model can give a
reasonable jet transport parameter qˆ. Therefore, the main task of this work is to extract the jet transport parameter
qˆ and investigate its properties in high energy heavy-ion collisions, within the framework of the AMPT model.
B. Calculations of the transport parameter qˆ
The definition of jet transport parameter, qˆ, is the average transverse momentum squared per unit length transferred
from jet to the medium which reads as follows:
qˆ =
< p2⊥ >
L
, (1)
3where p⊥ = pjetsinθ is the jet transverse momentum broadening due to the interactions between jet and medium,
pjet is the final jet momentum after jet-medium interactions, and θ is the relative angle of identical jet momentum
between before and after jet-medium interactions, and L is the path length that jet travels through the medium.
In this work, our method of extracting qˆ is designed based on the information about the time evolution of jet-medium
interactions in AMPT model. For simplicity, we only illustrate how to apply it for extracting qˆ in partonic phase. The
first step is to reconstructed jets based on the information about the partons before parton cascade, where we use the
anti-kt algorithm from the standard Fastjet package for jet reconstruction [53, 54]. These reconstructed jets at this
stage has not yet undergone any interactions, thus carry initial state information. The second step is to reconstruct
jets from the partons after parton cascade, which find jets that have gone through the whole partonic evolution. The
third step is to pairing the initial jets and final jets. We require that the pair with a relative pseudorapidity gap (∆η )
and relative azimuthal angle (∆φ) fulfill the selection of |∆η| < 0.2 and |∆θ| < 0.2. The good pairing guarantees that
two jets in one pair are an identical same jet but reconstructed at two different stages for a same event. All gradients
for extracting qˆ are now ready except the jet path length in coordinate space. The jet coordinate is represented by
its leading particle whose energy is required to carry at least one third of the whole jet energy in our analysis. The
path length is obtained by calculating the distance between two vertexes of jets in pair in coordinate space.
To acquire qualified jet for this study, the kinetic cut for jet reconstruction are choose as the general requirement as
in experiments. The jet cone(R) is set to 0.5. The transverse momentum of jet is required to be larger than 40 GeV/c
( pT > 120GeV/c in the case of AJ calculation) for leading jet, while pT > 20GeV/c ( pT > 50GeV/c in the case of
AJ calculation) for subleading jet. And the pseudorapidity range of jet within |η| < 2 is required in our analysis.
III. RESULTS AND DISCUSSIONS
A. energy and path length dependences of jet transport parameter qˆ
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FIG. 1: The energy dependences of jet transport parameter
qˆ in the partonic phase for Au+Au collisions at
√
sNN =
200 GeV and Pb+Pb collisions at
√
sNN = 2.76 TeV.
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FIG. 2: The energy dependences of jet transport pa-
rameter qˆ in the hadronic phase for Au+Au collisions at
√
sNN = 200 GeV and Pb+Pb collisions at
√
sNN = 2.76
TeV.
Fig. 1 shows the energy dependences of jet transport parameter qˆ in the partonic phase for Au+Au collisions at√
s = 200 GeV and Pb+Pb collisions at
√
s = 2.76 TeV. We can see a significant increasing trend of qˆ with the
increasing of jet energy for two different collision energies. It is consistent with the jet quenching picture that higher
energy jets have larger transverse momentum transfer from jet to medium [31]. We also notice that the qˆ extracted
from
√
s = 2.76 TeV Pb+Pb collision is slightly larger than that from
√
s = 200 GeV Au+Au collisions at low jet
energy while close to each other at high jet energy. It indicates that low-energy jets are more sensitive to the properties
(like temperature) of the medium than high-energy jets.
Fig. 2 shows that qˆ in hadronic phase also increases with the increasing of jet energy for two collisions energies.
It indicates that jets continue to interacts with hadronic medium which can also induces jet transverse momentum
broadening. We see that the magnitudes of the qˆ extracted from hadronic phase are less than those extracted from
partonic phase. The difference in magnitude reveals that jets undergo stronger interactions in partonic phase, since
the partonic medium is much hotter and denser than the hadronic medium. It indicates the partonic interactions
4dominate the jet transverse momentum broadening. We also notice that the hadronic qˆ from Au+Au collisions at√
s = 200 GeV is larger than that for Pb+Pb collisions at
√
s = 2.76 TeV, which may be because the system becomes
more diluted after a long-lived expanding partonic phase in Pb+Pb collisions than that in Au+Au collisions.
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FIG. 3: The energy dependences of transport parameter qˆ
in the full evolution for Au+Au collisions at
√
sNN = 200
GeV and Pb+Pb collisions at
√
sNN = 2.76 TeV.
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FIG. 4: The travel path length dependences of transport
parameter qˆ in the full evolution for Au+Au collisions at√
sNN = 200 GeV and Pb+Pb collisions at
√
sNN = 2.76
TeV.
We also extract the qˆ from the full evolution of heavy-ion collisions by using the information about identical
jets before parton cascade and after hadronic phase evolution. In Fig. 3, a significant increasing trend of qˆ with
the increasing of jet energy for two different collision energies is also observed in the full evolution. We observe a
hierarchy of qˆ in the full evolution, which shows that a higher collision energy has a larger qˆ. In Fig. 3, we consider
the transverse momentum broadening and travel length in the full evolution instead of separating them to two pieces
for partonic and hadronic phases. We should emphasize that the qˆ extracted from the full evolution is not a simple
sum of the two qˆ for partonic and hadronic phases. Note that the partonic phase evolution brings a larger transverse
momentum broadening while the hadronic phase evolution provides a longer travel path length.
Fig. 4 shows that qˆ decreases with the increasing of travel path length for the full evolution. Because qˆ is defined
as per unit length broadening of transverse momentum as in Eq.( 1), our results are consistent with the expectation.
B. The jet transport parameter qˆ and dijet asymmetry AJ
There have been many experimental observables that disclose the natures of jet quenching from different points
of view. Dijet transverse momentum asymmetry AJ is an important probe of jet quenching from the view of dijet
picture where one selects the leading jet as a trigger and then looking into whether the associated away-side jet suffers
energy loss or not. The dijet asymmetry parameter AJ is defined as follows,
AJ =
pT,1 − pT,2
pT,1 + pT,2
, (2)
where pT,1 is the transverse momentum of the leading jet while pT,2 is transverse momentum of associated jet. The
asymmetry parameter AJ should be close to zero if there is no jet energy loss, because the transverse momentum
of leading jet and associated jet should be close to each other if there is no medium effect in a system. While if
the associated jet travels through medium with a longer path length hence suffers more energy loss, its transverse
momentum will significantly be reduced relative to the transverse momentum of leading jet thus AJ will differ from
zero. In this study, we first reproduce the results published by the CMS collaboration in Ref. [20] to make sure our
method relaible. As shown in the Fig. 5, our results can well reproduce the CMS data not only for central events
(0− 10%) but also for peripheral events (50− 100%) in Pb+Pb 2.76 TeV collisions [49].
In order to investigate the qˆ from the point of view of dijet asymmetry, the correlation between jet transport
parameter qˆ and dijet transverse momentum AJ is studied. Fig. 6 shows that the qˆ increases with the increasing of
the AJ for both leading jet and subleading jet, which is consistent with the jet quenching picture that a larger jet
energy loss gives a larger qˆ. In Fig. 6, we also noticed that qˆ for leading and subleading jets get converged when AJ
closed to zero, while get separated when the AJ increases. It can be understood since a lower value of AJ means
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FIG. 5: (Color online) The dijet asymmetry parameter AJ distributions for the centrality bins of 0-10% (left) and 50-100%
(right) in Pb+Pb collisions at
√
s = 2.76 TeV. The data points are taken from the CMS collaboration [20]
a less transverse momentum asymmetry between leading and subleading jets which actually indicates that two jets
are influenced by the medium with a same amount of magnitude, thus they should have a similar qˆ. However, the
increasing of AJ means the larger and larger transverse momentum asymmetry due to the different magnitudes of jet
energy loss that leading and subleading jets suffer, thus this difference of their energy loss magnitude makes the qˆ of
leading jet and subleading jet get separated in the large AJ range. There is also an interesting feature in Fig. 6 that
the magnitude of qˆ on leading jet case is always larger than subleading jet case. The reason is because the leading
jet generally hold a larger energy than subleading jet. From Fig. 3, we know that the qˆ increases with the increasing
of jet energy thus the magnitude of qˆ is always larger for leading jet which carries a larger energy than sub-leading
jet. The consistence between jet transport parameter qˆ and dijet transverse momentum AJ from two different points
of view of single jet and dijet is a strong evidence that supports the physical picture of jet quenching in the hot and
dense QCD matter .
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for Pb+Pb collisions at
√
s = 2.76 TeV.
The jet transport parameter qˆ is such an important parameter that both theoretical and experimental communities
are greatly interested on that. In many theoretical models, qˆ is somehow treated as a model parameter that control the
degree of jet quenching, where one can tune the qˆ parameter to calculate some observables such as nuclear modification
factor (RAA) to match the experimental data hence iteratively back to decide a more proper value of qˆ [32]. Recently,
there are also some qˆ extracting measurements by using di-hadron correlations and hadron-jet correlations [55–57].
6The correlation between jet transport parameter < qˆ > and dijet transverse momentum asymmetry AJ may stimulates
ones to raise a new method of constraining and even extracting the jet transport parameter < qˆ > from the dijet
asymmetry measurements. In Fig. 7, we show the AJ distributions for several different qˆ ranges. It is consistent with
the jet quenching picture that the AJ distribution with a larger qˆ is shifted right to a higher AJ value rather than
that with a smaller qˆ. Therefore, it is very potential to extract the jet transport parameter < qˆ > (and even some
properties of the QGP, e.g. η/s) form the comparison of theoretical jet-quenching models and the experimental data
based on dijet asymmetry AJ distribution.
IV. CONCLUSIONS
In summary, we have utilized the AMPT model to investigate the jet energy dependence of jet transport parameter
qˆ in Au+Au collisions at
√
sNN= 200 GeV and Pb+Pb collisions at
√
sNN= 2.76 TeV. The significant increase
of qˆ with the increasing of jet energy in partonic phase evolution while a less significant dependence in hadronic
phase are observed. The same behavior is also observed in the full evolution of heavy-ion collisions. Furthermore,
the correlation between jet transport parameter qˆ and dijet transverse momentum asymmetry AJ is investigated in
order to understand the jet quenching picture from two different points of view. The increase of qˆ with increasing of
AJ is observed for leading and subleading jets, indicating the consistence between the perspectives of single jet and
dijet. Finally, the dijet transverse momentum asymmetry distributions with different jet transport parameter qˆ ranges
show a clear deviation. This inspiredly leads to a new proposed method of constraining or extracting jet transport
parameter qˆ from experiment data by measuring the AJ distribution in a comparison with theoretical calculations.
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